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Laboratory Exercise - Temple-View LeastCost Mountain Bike Trail
Background
The International Mountain Bicycling Association (IMBA) has created several guidelines
that are used when locating and building new mountain bike trails. A GIS is can be used to
generate possible locations for mountain bike trails while following guidelines given by the IMBA.
These guidelines include maximum allowable slopes, avoiding fall lines, avoiding flat areas, and
seeking areas that include control points such as viewpoints, water, or other attractions. One way
to determine the most appropriate placement of a mountain bike trail is to create and run a model
in ArcMap that has the necessary input parameters defined within the model. A virtual “cost”
terrain can be created by combining several raster data sets. The best path, or “least cost” path
through this terrain can be determined by running a least-cost analysis.
Problem Statement
This lab simulates the placement of a mountain biking trail from existing trailheads at the
mouth of Rock Canyon and Provo Canyon. Other than the IMBA trail building guidelines, the
placement of trail is to be determined by maximizing the viewability of the LDS temples within
Utah Valley. The lab assumes that a trail is desired and the starting and ending points are known
and that the remaining consideration is simply the routing of the trail.
Spatial Considerations
Using ArcGIS Model Builder and the data supplied, create a model that will site a
mountain bike trail considering the following criteria:
●
●
●
●

Trails should start and end at existing trail heads.
Trails should avoid municipal boundaries whenever possible. Set the new values to either
1 or 30.
Trails should avoid running in existing streams and waterways as much as possible. Set
the new values to 1 or 20.
Because the slope of the terrain is a major factor in determining the path, cell size is very
important for an accurate trail. Make sure all cell sizes are sized the same and are as
small as possible.

Use a uniform scale factor (1 to 50) when using the raster calculator/reclassification tools
to determine what locations would be suitable for a mountain bike path.
The scales above are scaling guidelines with lover values meaning more suitable areas.

Data
●

●

●

●

●

●

http://gis.utah.gov/data/ boundaries/citycountystate/ - Municipal Boundaries: Download
the city boundaries for Utah. This is found in the “Municipal Boundaries” section using the
“Municipal Boundaries:Shapefile” link
http://gis.utah.gov/data/ boundaries/citycountystate/ - Utah Counties Shapefile: A
shapefile can be downloaded that contains geographic data for all of the counties in Utah.
You will select Utah county from this data set and use it in the model
http://gis.utah.gov /data/elevation-terrain-data/10-30-meter-elevation-models-usgs-ned/ NED (National Elevation Dataset): You will download the elevation dataset for Utah. It is
provided by the USGS. Either the 10m or 30m NED for Utah County will work for this lab.
http://gis.utah.gov /data/water-data-services/lakes-rivers-dams - Utah Lakes and
Streams: You will download TWO shapefiles from this location. The first is the Utah Lakes
file named “Lakes NHD High Res: Shapefile”. The other is Utah streams file named
“Streams NHD High Res: Shapefile”.
User Created Shapefile of Temple locations - You will need to create a shapefile
containing the point data for the locations of the temples in Utah county. This can be done
by finding the locations manually using the basemap.
User Created Start/Finish Point Shapefiles: You will need to create TWO separate
Shapefiles for this step. The first is a shapefile containing the point data of the location of
the start of the bike trail. For this lab, the start point will be near the entrance to Rock
Canyon park in Provo. The second Shapefile will contain the point data of the location of
the end of the bike trail. For this lab, the end point will be near the entrance to Provo
Canyon.

Model Builder Tools
In this laboratory exercise, you may use previous tools and will use the following new tool.
● Viewshed creates a raster that records the number of times each area can be seen from
an input set of data points or polyline. It allows areas that are viewable from specific
locations to be identified.

Example Model

Step By Step Solution
For an advanced GIS student, the information up to this point is all you need to complete
the assignment and create an output map from the results. Feel free to try conducting the analysis
using on the information provided above. If you need specific steps, follow the instructions.
Step 1
The clip tool can be used to select the areas of interest from the shapefiles that contain
information for the entire state of Utah. In order to help the model run more efficiently, the lakes
shapefile and the rivers/streams shapefile should be clipped using the Utah County boundary.

Step 2
You will next need to project the initial raster elevation layer into NAD 1983, resulting in a
new raster layer, assuming it is not already in that projection. The output coordinate system can
also be made a parameter, so the user can define what coordinate system is being used without
using the editor.

Step 3
Next you will calculate the region within the area of interest that is visible from each of the
three temples within Utah County, and is therefore the region where it is possible to see all three
temples at the same time. Most of the parameters for this tool will be left blank, only selecting the
inputs of the elevation raster layer and the shapefile that contains all the temple locations.

Step 4
You will also need to calculate the slope of the projected raster layer from step 2 using the
“Slope” tool.

Step 5
Next you will convert all of the polygon and polyline layers into raster layers. This is so that they
can be reclassified to reflect the desired characteristics for trail locations. The municipal
boundaries and the lakes layers will be converted using the “Polygon to Raster” tool and the
streams layer will be converted using the “Polyline to Raster” tool. Make sure to specify the
desired cell size, which for this lab is 10 meters.

Step 6
The following step is to begin the process of reclassifying each of the raster layers to reflect the
IMBA guidelines and where the trail is supposed to be located. All of these reclassifications can
be modified to give more weight to the various raster layers.

Reclassifying the Municipal Boundary- The municipal boundary raster should be simply a
selection of cells with values and cells with NoData. The cells with values fall within the municipal
boundary and are not desirable for the mountain bike trail.
Values

Reclassified Values

1-10

100

NoData

1

Reclassifying the Lakes Raster- The lakes layer should also be a simple raster that reflects a yes
or no on whether the cells are considered lakes. Unlike the municipal boundary, it is actually
impossible to route the trail through a lake, so the reclassified values should be higher for cells
that are considered lakes.

Values

Reclassified Values

1-50

1000

NoData

1

Reclassifying the Streams Raster- The stream raster should reflect the different types of streams
that the original shapefile differentiated, but again we are only interested in whether a cell is
considered to have a stream in it or not. Also, according to IMBA guidelines, crossing streams is
permissible, but should be done as little as possible, so the reclassified value should not prohibit
the trail from crossing the stream.

Values

Reclassified Values

1-50

50

NoData

1

Reclassifying the Slope Raster - The slope raster is more complicated than the previous rasters.
IMBA guidelines dictate that trails should not travel in flat areas, nor in extremely steep areas.
Also it is best if the trail reverses grade periodically so that water does not drain directly down the
trail.

Values

Reclassified Values

-1 - 4

50

5-8

1

8-11

20

12-25

50

25-90

100

Reclassifying the Viewshed Raster- The viewshed raster also differs from the earlier rasters in
that we want the trail to go where the viewshed raster has values. Anywhere that does not have
a view of the temple should be a high cost area for the trail to travel.

Values

Reclassified Values

1-4

1

0

100

Step 7
After all the raster layers have been reclassified, the next step is to add them all together using
the raster calculator to produce the virtual cost raster that will be used to determine the least cost
path.

The raster calculator is used to add all of the raster layers together so that the virtual cost map
will reflect the sum of the costs for each cell. The formula may look something like this
(%Reclass_Mun1%” + “%Reclass_Lake1%” + “%StreamsRaster%” + “%SlopesRaster%” +
“%ViewshedRaster%”).

Step 8
The next step is to use the “Cost Distance” tool and the “Cost Path tool to calculate the least cost
path between the starting and ending points. The two tools and the input data sets are used in
the order shown below. The starting point and the virtual cost map are inputs into the “Cost
Distance” tool and then the two outputs from the “Cost Distance” tool and the ending point are
used as inputs in the “Cost Path” tool.

Step 9
The final step is convert the path generated into a polyline so that it can be properly displayed
on the basemap.

Deliverables
Once completed, submit your Model Builder process chart in its entirety and a map that
demonstrates how you analyzed the included data and the results. Your map should conform to
generally accepted cartography standards and should include at minimum, a scale bar, north
arrow, and legend (see the following rubric). Your report should explain your Model Builder
process and how it works. Make sure to provide any equations you used in your calculations and
feel free to share any challenges you faced as you completed the process. Make sure to review
the rubric at the end of this chapter for the full requirements for the laboratory exercise.
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Rubric
Item

Points

Assignment Title, Author Name, Date, Course Name

/5

Brief summary of the requirements of the project

/5

Describe your model
● List each of the tools used and their settings (could someone repeat
the assignment using your lab report?): 2 points
● List all input, intermediate, and output datasets: 2 points
● Describe each input dataset including type (point, line, polygon, raster)
and the source of the data: 2 points
● Describe each input dataset including type (point, line, polygon, raster)
and the source of the data: 2 points
● Describe each output dataset (point, line, polygon, raster): 2 points

/10

Show your model on 8.5x11 inch size paper (5 points)
● All text is readable (10 point font minimum) (3 points)
● All tools and data sets are shown (2 points)

/10

●
●

Describe what classifications you would change to make the model
more realistic. (2 points)
Describe the route computed for the mountain bike trail. Does it seem
to be realistic? (3 points)

/5

Make a full page (8.5x11) map showing page 21 of your atlas.
● Map Title: 1 point
● Neat Line: 1 point
● North Arrow: 1 point
● Scale Bar: 1 point
● Text box with author name, date, map projection: 1 point
● Visible basemap: 1 point
● All text is legible on printed map: 1 point

/15

Bonus Task:
Repeat the lab exercise with a different set of data. Include in
your report what data you used, how you acquired it, what, if anything, you
changed to complete the exercise work. Also include an additional full page
map showing your results.

Instructor’s
Discretion

